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(57) Abstract 



Patterned conducting polymer surfaces exhibiting excellent properties may be prepared by: (a) forming a surface of a conducting 
polymer on a surface of a substrate; (b) forming a surface of a blocking material on the surface of the conducting polymer in a pattemwise 
fashion, to obtain a first patterned surface containing regions of exposed conducting polymer and regions of blocking material; (c) treating 
the first patterned surface with an agent which: (i) removes the conducting polymer from the regions of exposed conducting polymer; 
(H) decreases the conductivity of the conducting polymer in the regions of exposed polymer, or (iii) increases the conductivity of the 
conducting polymer in the regions of exposed conducting polymer, and (d) removing the blocking material to obtain a second patterned 
surface containing an exposed pattern of conducting polymer. 
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WO 97/18944 PCTAJS96/1866S 

TITLE OF THE INVENTION 

PATTERNED CONDUCTING POLYMER SURFACES 
AND. PROCESS FOR PREPARING THE SAME \" 
5 AND DEVICES; CONTAINING THE SAME 

• . . » **" *". * * 

BACKGROUND OF THE INVENTION 

Field of the Invention : >. 

The present invention relates to a simple, convenient 

process for preparing high-resolution patterns of a conducting 

LO polymer on a substrate. The present invention also relates to 

- the, patterned conducting polymer surfaces so prepared and to 

devices, such as liquid crystal displays, which contain such a 

patterned conducting polymer surface. The patterned 

conducting polymer, e.g. polypyrrole,' may serve as a 

15 conducting material to provide a means of addressing selected 

pixels of a lightweight, flexible liquid crystal display. 

Discussion of the Background ; 

In current liquid crystal (LC) display fabrication 
technology, the most widely used conductive material is indium 

20 tin oxide (ITO) . However, the use of ITO has several - 
disadvantages in manufacturing. One drawback is the 
relatively high temperature (about 250 6 C) at which ITO is 
deposited onto glass or other solid substrates, which can 
damage other components of the display such as polymeric color 

25 filters. Another problem is that when ITO is deposited on 
plastic substrates for purposes such as fabrication of 
flexible LC displays, the ITO becomes brittle and fails when 



WO 97/18944 

•'" ... • * • . 77 • -2-'-"' ' : : ' r * 

the display is - in a curved 'conf iguratidW 

Thus, there is a need for a pliable^ conducting material; to i: 
replace ITO^of^lon^tei^" ^c^mbr^;'itexibicl and/ or* large 
arek LC display .* devices ' - * ; , . ./■.;." 7\ ^ ; 

An electrically conducting poller is a desirable 
Alternative to ITO as the conducting material, because it can • 
be processed at ambient temperature and it is a flexible . \ : 
organic material similar to the plastic substrate. A general 
referencr bnr^ subject^of conducting polymers is *th* • 
monograph Organic conductors. J.P. Farges, Ed.,« Marcel Dekker, 
NY; NY, 1994- The concept of using a conducting polymer as a 
replacement for ITb in a LC display is described in U.S. 
PatenT-Application Serial No. 08/401,912, filed oh March 9, 
1995. 

v The conducting polymer polypyrrole (PPy) is an excellent , 
choice as a replacement conducting material for ITO, because 
PPy can be prepared by a convenient, in-situ polymerization 
method, and PPy films can be produced with surface resistance, - 
electrical conductivity, and optical transparency 
characteristics that are appropriate for LC displays and other 
applications. The irk situ method can be used to deposit thin, 
transparent films of electrically conducting polymers such as 
polyaniline and polypyrrole from aqueous solutions of the 
parent monomers, aniline and pyrrole, as they are undergoing 
polymerization. This method eliminates the necessity of first 
synthesizing the polymer and then dissolving it in a solvent 



, for f i3i deposition and is • the simplest and least time- 
consuming approach for preparation of conducting polymer . 
- films. The use of agueous solutions for the in-situ 
- polymerization method also alleviates environmentally-related 
\ orga „ic solvent disposal problems: Both of these factors are 
important for technological scale-up and commercialization of 
•processes using conducting polymers. 

PPy f ilms deposited by. the in-situ method can be prepared 
with conductivities > 300 . S/cm using the anthraquinone-2- 
>. sulfonate counterion in the presence of 5-sulfosalicylic acid 
(see for example: R.V. Gregory, W.C. Kimbrell, and H.H, Kuhn, 
Synthetic Metals* vol. 28, p. C-823 (1S>B9„ . This translates 
to a surface resistance of between 600-3 00O n/ square, nearly 
two orders of magnitude lower than that for typical 
L5 polyaniline: films deposited by the in situ method. These PPy 
films can also be obtained with optical transparencies in the 
range of > 65%-70% transparent, in-situ-deposited PPy. films 
therefore have properties that make them very useful as 
conductive elements for the fabrication of a variety of liquid 
20 crystal display devices. 

To fabricate an addressable LC display, one of the 
conducting elements must be patterned to a particular geometry 
. and linewidths that constitute the designated output of the 
display. Depending on the nature of the LC display, the 
25 geometry may be in an alphanumeric pattern, a grid pattern, an 
array of dots, or some other pattern. The minimum dimension 



of the patterned features typicaiiv ' * n 

1 10 A process for 

Pattern^conductin, oust ^ 

resoXution , regents of ^ fl Mdit . ' 

... • alectricai surface resistance or tK. 

optxea, transparency o t the conducting polyter t|> 

regions, or the properties of tK ^ aetl « 

.,„„. ^ "i.s. OI the underlying substrate. 

MnaXXy, the patternin, process „ust he si-l. 
cost^^W, ana coepatihie Vith eltZ 
^ipeent usea in the.. aispUy ™ur in g 

A number of methods have hecn 
Patterns or PPy on vari "Ported ror producing 

* fry on various substrates t„ 
ohein aX*yx 7; j ™ — Od, Xeng- 

o- a goXd substrate. , h . 

^ ' ~» » f pyrroie. and the SJU1 fI1 . ^ 
transfer so that PPv i s „ . electron 

the suhstrate ! ^ « 

7 ' p P' 526-529 (1995) % Tn 

reuted approaches, the patterned deposition of ^ j» . 
mrtxated at seeiconductin, substrat . 

or the substrat. ^ * **Posur. 

" aolution containing pyrrole 
~. po ly .. riaatie „ _ ^oxe 

lnlti " ed ^oelectroche^caxxv at the suhstrate i t h 
-radiated regions or the suhstrate Por , d 

«^e. For a description of 
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these approaches-, see: M. HiXif . b. Hiva, A. Sugita, and 
T. Yamamura, Japan Journal, of Applied Physics -vol. 24, pp. L79 
(1985) ; and M. oicano, l7 1^7X7 F^xsTvI^T and*". Honda, 
journal of the Electrochemical Society, vol. 134, p. 837 
(198 7). These methods are limited to metallic substrates such 
as gold or semiconducting substrates such as silicon, and are 
not appropriate for use on flexible, insulating polymeric 
substrates* 

in a second method, ^a ,-f luoropolymer : substrate is modified 
by £ plasma -treatment to create- regions of greater or lesser- 
adhesion for a PPy film formed from an in-situ deposition 
method. The plasma is prevented from accessing the substrate 
ih-vmSK^StmmT****. u«r o« -physical mask such as a 
metal grid. The PPy is deposited initially over the entire 
substrate, but is then removed fro* the unmodified regions by 
either ultrasonication in solution or by removal with adhesive 
tape. For a description of these approaches, see: U.S. Patent 
Application Serial No. 08/401,912 (see above) and L.S. van 
Dyk e, C.J. Brumlik, W. Liang, J. Lei, C.R. Martin, Z. Yu, L. 
Li, and G.J. Collins, Synthetic Metals, vol. 62, pp. 75-81 
(1994). These methods are limited to relatively low 
resolution PPy pattern formation, characterized by rough 
edges, and the use of physical masks is not compatible with 
standard manufacturing techniques for preparing commercially 
25 useful addressable liquid crystal displays. 
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; -In a^third method, a PPy f ilm deposited bit i ; 7 v 

fiuoropoiymeric substrate was removed from selected regions of 
the substrate by laser ablation. 1 For a description of this 
approach, see: ;L.S. van Dyke/ G.J. BrumliJc, C.R. Martin, 
Z. Yu, and G.J> Collins, Synthetic Metals, vol. 52, pjJ, 299- 
304 (1992). This approach is not preferred for practical 
applications due to the need for expensive, higti-pover laser . 
exposure tools which are not desirable for cost-effective 
manufacturing, as well as the damage caused by laser ablation 
to the underlying substrate and the edges of the patterns. 

In a fourth method, pyrrole vapor is absorbed into a film 
of a chlorine-containing polymer such as 
polychlbrwcry^^^ 

irradiated in a patternwise fashion. In the photblyzed 
regions, free radicals are created from dissociation of the 
chlorinated polymer, and the radicals initiate polymerization 
of the absorbed pyrrole monomer to form a PPy/PCAN composite. 
For details of this method, see: R. Baumann, K. Lerinarr, and 
J. Bargon, Synthetic Metals, vol. 54, pp. 243-249,, (1993). No 
electrical conductivity data for the polymerized pyrrole 
composite- was reported. However, because this material is a 
mixture of PPy and an insulating material, the conductivity of 
the composite is almost certainly much lower than that of pure 
PPy which is a severe disadvantage for use of the composite as 
a. conductive material for display fabrication. In addition, 
this process is limited to those chlorinated polymers that 



produce, sufficient free radicals to initiate the 
polymerization of. pyrrole. ..Of the four polymers tested, only 
PCAH required as littler as: 5; minutes"©f exposure with a high 
intensity (1000W) lamp. .Also, the reported times for sorption: 
of pyrrole into the chlorinated polymer were -5-10 hours, 
which is impractical for use of this process in routine x 

manufacturing. 

Several methods have been described for patterning 
polyaniline (PAni) . In: one method, a film is. prepared f torn a 
water-soluble derivative of -PAni that contains a cross- 
linkable group on the polymer backbone. The film is exposed, 
to electron-beam or UV irradiation, which crosslinks the 

polymer-imthe-exposed-regibn— and the-unexposed-areas are 

dissolved in water to produce the final patterns. 
. conductivities. reported for the patterned PAni films produced 
by this method range from 10 ' to 10- S/cm, which are much 
lower than the value of 1 S/cm that is characteristic of. the 
best films of unsubstituted PAni films (and again several 
hundred times worse than typical values for PPy films) . For > 
description of this method/see: M. Angelopoulos, J.M. Shaw, 
N.C. Labianca, and S.A. Rishton, Journal of vacuum Science and 
Technology, vol. Bll, pp. 2794-2797 (1993). This method is 
limited to specially-derivatized PAni polymers, and the 
inherent requirement of derivatizing the PAni backbone with a 
cross-linkable group for pattern formation leads to severe 
degradation of the electrical properties of the conducting 



polymer, making it undesirable for use as an active element in 
LC display fabrication^ 

' Thus, all of the abpve^described methods have inherent 
limitations with respect to their ;, suitability for practical 
fabrication of high resolution .patterns of highly conductive 
polymers on polymeric substrates. Thus, there remains a need 
for a process for preparing patterned conducting polymer 
surfaces which does not suffer from such drawbacks. In 

particular^, there remains a need for a simple, convenient 

....... 

process for producing fine patterns of conducting polymers 
which exhibit good conductance and optical transparency. 

SUMMARY OF THE INVENTION 
Accordingly, it is one object of the present invention to 
provide a novel process for preparing patterned conducting 
polymer surfaces. 

It is another object of the present invention to provide 
a simple and convenient process for preparing patterned 
conducting polymer surfaces. 

It is another object of the present invention to provide 
a process for preparing patterned conducting polymer surfaces 
which affords patterns of conducting polymer exhibiting good 
conductivity properties. 

It is another object of the present invention to provide 
a process for preparing patterned conducting polymer surfaces 
which affords very fine patterns of the conducting polymer. 
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- - It is another eject of the present invention to provide . 
process for preparing patterned conducting poiy-r surfaces ,,. 
which affords patterns of ^. W^ 
optical transmission properties. 
. Xt is another o^ect of the present invention to provrde 

novei patterned conducing polyner surfaces prepared 

PrOC Tt' is another o bj ect. of the present invention to provide 
devices which contain such a patterned conducting polyner 

to surface. . 

Th ese and other objects, which win becone apparent 
during the foiXovin, detailed description, have been achieved 
by tl> e inventors- discovery that Patterned conducts, poller 
surfaces exhibiting excellent properties nay he prepared by; 
(„ £ ormin, a surface of a conductin, poiy-er on a 

surface of a substrate; 

wming a surface of a blocRin, material on said 
surface of said conducts polyaer in a patternwise 
feshion. to obtain a first patterned surface 
contains regions of exposed conducting polyner and 

20 

regions of blocking material; 
(c) treating said first patterned surface with an agent 
which: (i) renoves said conducting polyner fro. sard 
regions of exposed conducting polyaer; (ii) 
decreases the conductivity of said conducting 
polyaer in said regions of exposed conducting 



^creas^the conductivity of -.said: 
" : ;4 ^conducting polymer in saitt regions of vexpbsedCv • 

: ;'.V;';."!' 'conductifig:;"poiyi and~ — 

■ ^ y£ ^ I**** ^° Ck ^9 ^terial to obtain a second : 
V patterned surface containing, an, exposed pattern 9 r 
bohduGting polyier. . .. . * 

V ^mbre^okplete: appreciation of the invention and^ny of 
the attendant advantages; thereof will. be readily obtained as 
the same becomes better understood by reference to the 
following detailed description when ^considered in connection 

with-the •ac^mpahyingvdraw^ingsv-whereihV 

Figure 1 is a schematic diagram of one embodiment of the . 
present, process; 

Figures 2a and b are optical micrographs of patterned 
surfaces prepared by the- present process 

Figure 3 is a micrograph of a patterned surface prepared, 
by the present process; 

Figure 4 is a micrograph of a patterned surface prepared 
by the present process; 

Figure 5 is a schematic representation of a polymer 
dispersed liquid crystal (PDLC) display according to the 
present invention; and 
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-. 

rtgu r. s is a septic representation of .. conducting V. 
poly»r twist* nematic liguid^rystal display according to - 
" the present inventiOHT 

^ M ,, mi. iimm a hit nmrrf" — 

Thus, in a first embodiment, the present invention 
provi.es a prooeas fpr preparing a patterned surface of a 

conductive polymer by: 

(a) .forming a surface of a- conducting polymer, on a 

A surface of a substrate; 

: ' " (b) arming a surface of a blocking material on said . 
surface of said conducting polymer in a patternvise 

f as hion^^bt^-^f^^«^^^ e " 

ronions of exposed conducting polymer and 
containing regions or exp° se 

regions of blocking material; 
(c) treating said second patterned surface with an agent 
which: (i) removes said conducting polymer from said- 
regions of exposed conducting polymer; <ii> 
aecreases the conductivity of said conducting , 

polymer in said regions of exposed conducting 
polymer; or (iii) increases the conductivity of said 
conducting polymer in said regions of exposed 
conducting polymer; and 
(a) removing said blocxin, material to obtain a second 
patterned surface containing an exposed pattern of 
conducting polymer. 
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' . Inthe " rst t»J ; a surface of a conducting polyer 

. ■■ x. «»d «... surface o^a substrate. In principie. 'eny . ' • 
polyser having an slectricai conductivity Of at least- ■ " 
oio-s/c. preferaciy at least c>lo- s /c.. can ne usea^as tn. ' 
5 conducting polyaer. such conducting poiyners are , tscti ^ 

^Fter XX o t OT, wlc Fargert ^ ^ ,, 

petter. „„, wMch is incorporated ^ . 

reference. Such conducting polyners inoiude, e.g. . c is anB 
crass^polyacetylenes (PA), poiydiacetylenes (PDA). ^ 
" POl ^ h ^ienes (PPP, . Poiypyrroies .PPy, . polytiliopheMS 
(PT), polybithiophones. polyisothianaphthene. 
polyphenylenevinylenes ,PPV), polythienylvinylenes (PTvj 
polyphenylehesulfid. (PPS) , and poiyaniline (PAni, ; Per' 

convenience, the structure «-w 

ne structures of these conducting polymers are 

15 shown below. 

trans-Polyacetylene: 



cis-Polyacetylene : 




! 

I 



Polydiacety lene : 
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r s c^-allcyl, phenyl 
- C^-alkyl, phenyl 



Polypar apheny lene : 




Polypyrrole: 




Polythiophene : 




Polyph^nylenesulfide? 




I 



5 



I„ the above-given structures, it is to be understood 
that H atoms may be replaced by substituents, such as C^.- 
alKyl, or phenyl or groups containing ionic groups such as 
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carboxylase or sulfonate. These groups »ay be attached, ! 
; directly or through ester, ether, or amide linksv.^n general, 
substitution worsens the electrical conductivity of the, 
conducting polymet, but nay enhance features such as. , 
solubility or Orientation at the a ir/ water interface, for ' 
e - aBple - In P^ular, in «* case of polypyrrole, it is 
preferred that no substituents be present, because such 
substituents typically lower the electrical conductivity. 

References which further describe the synthesis and 
properties of these conducting polymers include: 
M.F, Combarel et al, c.R t Acad, Soj , or r, vol. 262, p. 459 
(1966) ; L.T. Yu et al, J. Polv,. m ^ „ „ol. 16 , p. 
2931 (1967); M. Doriomedoff et al, J. Chi„. Ph y g (Paris) , 
vol. 68, p. 39 (1971); T. Ito et al, J. Polv. ^ ^ ^ - 
vol. 12, p. ai U974,; H. Shirafcawa et aVag^^, ^ 
578 (1977); c.K. Chiang et al, Phvs. Lett vol. 39 p 

1098 (1977); P.a. Higrey et al, Ch^m,.^^, p . 594 < 197 9>; 
A.G. MacDiarmid et al, Synth. m^I,, vo1 . 1# p . 1QX [X99Q) , 
D.M. Ivory et al, J. che*. Phy , vol . 71# p . 150fi 
A.F. Diaz et al, Che„. co-n^ ., p. 635 (3979); K . K . Kanazava 
et al, Che*. Covmurx. , p. 854 (1979); G. Tourillon et al, ^ 
Electroan.1. ghe^ , vol. 135, p. 173 (1982); e.M. Genies et 
al, Synth. Metals , vol. 36, p. 139 (1990); H.W. Gibson et ai 
J. Aa. chem. Son , vol. 105, p. 4417 (1983); M.c. Dos Santos' 
et al, Phvs. Pev. T,ett , vol. 62, p; 2499 (1989); Synth. 
Metals, vol. 29, p. E321 (1989); H. Kiess. ed. , Conjugate^ 



-17- 



vol. 102. Spring.r-V.rla,, Berlin.. 1991. 

Pr.ft.bly. th. conducting poller is polypyrrol. (W) 
or polyaniUn. • " is particularly preferred th,* **, 

conducting poly^r be *Py.\ Mdreoyer. it is especially 
preferred that the conducting polyer be PPy with the 
CO »„*erion of anthra,uinone- 2 -sulfonate prepared in the 
presence of s-sulfosalicylic acid, such PPy can be prepared 

described in K.V. Gregory et al. synthetic Metals, vol. «. 
p. €*e» (1969, v which is incorporated herein by reference. 
Th. substrata .ay be any substrate on which the 
• conducting polyer »„ be forned. Preferably the substrate is 
. . dielectric or senieonductor. Bxaeples include inorganic 
substrates such as glass, carts, silica, silicon, silicon 
5 carbide, silicon nitride, alanine, aluninu. nitride, titania. 
titaniu. nitride, and dia»ond. organic substrates includ. 
pollers. Plastics, waxes, specific polyner naterials include 
pblyesters (e.g. , polyethyleneterephthalate) , 
polyvinylacetate. polyolefins (polyethylene, polypropylene. 
2C polyisobutylene, polybutadiene,. polyetners (polyethylene 

oxide, polytetrahydrofuran) polyvinylnethylether , 
polyvinylbutylether. polya.ide. (Hylon 66). polyacryla.lde. 
polyi.ides. polycarbonates, polysulf ones. polyKetones 
(polyvinylpyrrolidone), f luoropoly.ers 
25 (p olytetrafluoroethylene. polyvinylidene fluoride. 

po i y( tetrafluoroethylene-co-hexafluoroprop,lene)), aroeatic 
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polyner* ^w,,^. 

afcmate a " d a ° Wic Powers ( p6 lyM th a cryUte. 
. poi^ethyimethacryute (PMMs), poXyacryXic acia 

POiy " 0th ° CryUC ~"> • ^V«rs (poX^nylpn^ol, 

PoXyyinyx.Xco,ox. poxyaite., (palyvinylpyrldlne> 

^XyyinyXMpyridl^, poXyaHyx^.., poXyethyleneinine, 

poxypaptxaes (poiylysine) , stXoxane polymers 
(PoXyainethylsiloxane), haloganated poXy^rs 

polychlorcstyrene) . acetsl polysers: ipoXyvinyibutyraX, 
. apoxies, copolya»ra. derivatives,, ana nixtures of the above 
• Pre,.rrea substrata, for Xiouia crystal aisplay 
application ara fXexibx., transparent po lyM rs such M 
acrylic polyeers, polycarbonate. ^Xyethyleneterephthalate. 
x*a fluoropolyners. x„ a preeerrea ^ ^ 
is fXexibXe, la .particularly Referred eminent, the 
substrate is a fXuorepoXyner, which na8 teen ^ 

described in O.s. Patent Hoi. 4 94s 

os. 4,946,903 ana 5,266,309, which 

are incorporatea herein by reference. 

The surface of the conducting poly.. r can be forsaa on 
the surface of the substrate usin, any conventionaX M thoa. 
Thus, a solution of prefornea poller My ^ S p in . coate<i or 
nip-coatea on the substrate. However, it is preferrea that 

the conducting polyaer surface b. f Orno< , „ ' 

8 De fol ^ned on the surface of the 

substrate by in-.itu polyseriration of the eononers which »x. 
up th. polyser in the presence of the substrate. ^ in-situ 
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fomation- of a surface of PPy is described in R.V. Gregory et 
al synthetic Hetais, vol. 28. p. C-823 (1989) . which is 
incorporated herein, by reference. The in-situ fomation of a 
surface of Phni is described in J.H. chevmg et al. Thin solid 
Wins, vol. 244, p. 985 (1994), yhich is incorporated herein 
by reference. 

The first step (a) of the present process thus yields a 
continuous layer of the conducting polymer on the surface of 
the substrate. Typically, the conducting polymer layer will 
he * na to 1 mm, preferably 10 nm to 500 nm, thick. Control 
of the polymerization conditions to obtain a layer of 
conducting polymer having the desired thickness is within the 
abilities of one haying ordinary skill in the art. 

in the second step (b) , a patterned surf ace of a blocking 
material is formed on the surface of the conducting polymer. 
The blocking material may be any conventional material which 
does not adversely affect the properties of the conducting 
polymer. For the purposes of the present invention, what is 
needed is a film of sufficient thickness that can be applied " 
- to the conducting polymer surface in a patterned fashion so 
that it can effectively block an etchant (or conductivity- 
altering reagent) for the conducting polymer in selected 
regions of the substrate, and then be removed to reveal 
patterns of conducting polymer and no conducting polymer, or 
> conducting polymer and altered conducting polymer. 
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• r The patterned surf ace of blocking materially be forced 
b^a^^tio^ai technique, such as patternwise irradiation 
or by physical stamping us^a^^ ^ or patternwise 
spraying. In the'case of radiation-induced patterning of the ' 
blocking material, the blocking material will be a resist and 
step (b) will involve the following substeps: 

(b,) forming a surface of a resist on said 

surface of said conducting polymer; 
; V*r* exposing said surface of said resist to \. 

actinic radiation in a patternwise fashion . 

to obtain a patterned surface containing 

re9ions o£ resist vhich have been exposed 
^ tiriSinaanic radiation and regions of 

resist which have not been exposed to said L 

actinic radiation; 

(b,) developing said patterned surface obtained . 
in step (b,) to obtain a patterned surface • 

containing regions of exposed conducting 
polymer and regions of, remaining resist; 
For radiation-induced patterning, the blocking material 
will be sensitive to photons (infrared, visible, uv, x-ray, , 
ions, or electrons. A typical imaging film would, then be a . 

s_, _ JU iesisrr or e _ beaffl res . st Descriptions 

of various types of Paging fii as , such as photoregists , _ 
beam resists, x-ray resists, including chemically-amplified 
and non-amplified photoresists, as well as positive and 
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■ . T~T, S . A . MacDonald, T. Iwayanaga, E2l3HSEa_Ul 
1993; E. Reichmanis, 

.. »>».ri»ls andPISSSSMS. Acs symposia" 
! 1< ^„Hfh n q 1 " r'-Y' Materials ana a 

series vol. 412, ACS Press, Hashinaton, DC, U»l L.F. 
Thompson. CO. Willson. and S. Taoa-a, EelffiM-^ 
sUs£sel e £ H Si ac SiJ ^^^ ACS symposium 

— Pr^s.ino.on. DC 1,». all of whxch 

are Incorporated herein by reference. 

Alternatively, another method for apply*, a patterned 

. blo ^n^i^^w^^ p - spw a 

serial onto the conductin, polymer surface in the selected 
r e,icn. and then proceed with etchin, or dopin, of the exposed 
r e,ions - the conducts polymer surface. In the case of^ ^ 
stampin, and sprayino. any inert serial which can he read.ly 
removed without adversely affectin, the conductin, polymer 
Xayer nay he used as the blockln, material, such as a 
polymeric n.teri.1 as descrihed ahove or a nonpolymer.c 
naterial such as a war or a compound which contains a Ion, 
<c„ ,.) alkyl chain or other hydrophobic group. 

' Examples of specific commercially availabie e-baam 
r esists and photoresists include: S1400. S1»00. 
SNB - 2 00. and SAb-«01 ,all fro. Shipley Co.. Harlborouah. ' 
the AS 1500, 1900, 0100. 4000. ,000 series ana the A, P4000 
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~=- ceu Besa cor^etie^.^^ to ^ s — ^ 

«-440o and «20 series resists. , ■ ' 

AD * POSltlVe ° r '* ni ' atiVe «^ie usea ■ 

A positive photoresist • ~ ■ 

-ItiTSilHIc-STO^— " " Uhl0 ' , Pa "« n » i " Eradiation 

-edited is re Boved frM • a ^ 

irradiation ^ • 
-nie and s ^. nt aevele ^ . ff6rd . 

Patterned surface in which ^ 

irradiated • Photoresist -hichvas not 

irradiated » reaoved from the surface. 

, SUr£aCe * P-otoresist „ y * IotMd - the 
~ - ~ tMKU , poW ^ „, co „ VMMoM , ^ 

such as spm-coating, dip-coat. 

. P coatl "9, roller coating, etc s»,» 

coating i s preferred for wafers . 

8 ana SMa ^er (5i2») substrates- 
Roller coating is of particular use for , 

such aar use large area substrates, 

such as large area liguid crvst a i *i , 

H crystal display substrates. 



, : breast ™* <* rrr r Y ran,e - 

Wve*. 0- andiOuicronsinthicKness; typical; ~ 
0 5 . 2 alcrons. althou*. thic*er end thinner o***^*--- 

4 actinic radiation. The exact nature of the actinic 
to actim photoresist used in 
radiation used will depend on the type ol p 

the second step (b) . 

. photoresists o £ the novola*-diaaonaphtho <J »inone type 

typically sensitive throughout the OV to neat Visible .an,.. 
IT ,1 -«0 n. down to 1,0 na and belo-. cheaically- 
Mp U f ied Photoresists are generally deseed £ or- use with^ 
\ hi resolution srposure tool, such as deep OV stepper, and 
2 usually sensitive to radiation £ ro. about M. - *-> « 
190 nn and below. Por a description o £ the operation or 
optical and other radiation exposure o £ resists, see: K 
Moreau, -T'~ PdHStgt HtftmrwrnV - PT 
aeifiEiila , p.enun Press. KV. »». particularly Chapes 
(pp 365 . <5e) which is incorporated herein by reference. 
^ ic al sources ^ photolithography include: hi*, pressure 
a „d low pressure H, leaps ...ittin, »V and visible li 9 ht. 
cretin, £ ro„ l.S nn thru ,00,. and laser sources ^ -. « 
, na KrF !asers. operatin, at 1» no and ,.r n». respect.vely, 
The surface o £ the photoresist is irradiated in a 

5 patternwise £ ashion by usin, a photolithographic nasK. A 
aucussion o £ photolithographic nasKs and their use xn 
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contact, proxi.ity, and projection printing can be found * in w. 

toiteialS. Menu. Preas. »y; 1S? e t pp. 37,-3,7 and^o, ^ ' 
which is incorporated herein by reference. The exact gao^try 

of the mask will depend on: fit th* 

t p a on. (i) the pattern of the conducting 

poller desired; (2 ) whether a positive or negative 
photoresist is being used; and (3). the type of agent being " 
tised in step <c) „ 

Thus< the second step V>. strorde a continuous xsyer of 
tha photoresist on tha surface of th. layer of the conducting 
Polyaar. .control of tha conditions, in tha method used for • 
foraing tha photoresist surface to obtain a layar of 
Photoresist having the desired thinness ia w,ll within ^ ' 
abilities of the skilled artisaii. . 

Whan using a positive photoresist andan agent which 

either ,i) reaovaa the conducting poly^r fro. the regions of 

exposed conducting poly^r, or ( ii, decreaee. the conductivity 

of th. conducting poller in the r.giona of exposed conducting 

Poly^r. th. .,s* will have a gecetry such that those regions 

of tha aurfaca on which no conductivity or reduced 

conductivity are desired are irradiated and thoaa regions of 

the surface which are desired to ovh,K,v 

rea to exhibit good conductivity are 

not irradiated. When 

- n_,,a,.we pnotoresast and an agent 
which <iii) increases the conductivity of the conducting 
polymer are used, the Sane type of »as)c »ay be used. 
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Aitcrnatively. when a positive photoresist is coupled 
Wits an agent of type (Hi) « when e negative photoresist is ,. : 
-c-c^rea-witn-an-egent nftype (i) or <"> . thence easX -ill , 
teya e geonetry such that those regions of the surface on 
which no conductivity or reduce*: conductivity are desired are : ... 
not irradiated end those regions of the surface which are 
desired to exhibit good conductivity ere irradiated. 

•the tin. of the irradiation will depend on the intensity 
„d wavelength of the illation source and the thicKness of 
the photoresist leyer. The edjustnent of the radiation tine- 
to achieve complete irradiation of the desired regions of the 
ph „toresist surface is well within the abilities of the 

skilled-artisan " _ 

Thus, substep OS) =f the present process yield a first 
i pettemed surfece which contain regions of photoresist which 
have been exposed to actinic radiation and regions of 
photoresist which have not been exposed.to actinic radiation 

xn substep W , the patterned surface obtained in substep 
,0 , is developed to remove regions of photoresist. The 
0 delelop»ent is typically cerried out by contacting the £l r.t 
pettemed surface with a reagent or solvent which s.lectrvely 
renoves photoresist on the besis of whether or not the 
photoresist has been exposed to actinic radiation, when us>ng 
e positive photcresist, the developing step will result in the 
25 selective reeoval of the photoresist fro* those regions of the 
surface which have been irradiated, when using a negatxve 
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* photoresist, the developing step will result in the selective 
r.Mov.1 or photoresist fron those regions of the surfaca 
- which hove not beert irradiated. s„i table a^,.^ reageHts 
: or solvents in chapter « of Bo,^^, . : 

5 s^t^drirtnr-nth^^ . o,.^,„. . n , 

•Itttaiials/ >*nu» press, hy. , 9M , pp . 459 . 5 „ . WMeji ^ 
incorporated, herein by reference. 
- Thus, substep (b,), affords a patterned surface which 
contains Wons of. exceed conducting polyner and regions of 

10 renaming photoresist. Control of , the conditions, such as ' 
tine, : teiperature and concentration, to ensure complete 
developnent in substep (b,, is also well within the abilities 

of the skilled artisan. — -* 

' in step. (c) of the present process, the first patterned 

5 surface obtain*, in: the step ( b> is treated vith „ ^ ... 
which: (i, removes t:he conducting poller from the regions of 
exposed conducting polymer; < U) decreases the conductivity of 
the conducting poller in the regions of exposed conducting ■ 
polymer; or (iii, increases the conductivity of the conducting 

0 poller in the regions of exposed conducting polymer. 

Examples of agents which <i) remove the conducting, 
polymer from the regions of exposed conducting poller include 
both physical and chemical etchants. Examples of physical 
etchants include ion milling (e.g., Ar ion bombardment), which 

5 would etch the PPy and blocking material at comparable rates, 
and therefore remove the P Py before the blocking material was 
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eaten away. TbU. require, a complicated, expensive tool and 
is less preferred, chemical etchants nay take the form of a, 
solutions vapor-pnsse, -Examples-of vapor-phase etchants :,, 
include an oxygen or air Plasma. ..that oxidU. and eat away the 
resist and PPy at comparable rates. The ion milling and 
plasma etching approaches are good with photoresist masking, 
because the resist is thick compared to the conducting 
polymer. For solution etching, there are two nain 
req uirenents of the etchant: the conducting polymer has to 
either he soluble in the solution, or he converted to a 
soluble species in the etchant. and the etchant must also not 

dissolve or distort the blocking material. 

_^e-photoresists-are^enerall^snl«ble^r^vellable x» 

" i efrinnina 
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many organic solvents (see discussion on resist stripping 
halov,. especially polar ones, most organic solutions are . 

ensuitahl Active etchants for the conducting polymer 

which Will not also attack the photoresist. PPy is generally 
an insoluble material. Therefore, the polymer PPy could not 
he readily synthesized and then cast into films for 
a ppUc,tions. It is for this reason ,as veil as overall 
process simplicity, that the in-situ deposition process is of 
snch importance. Organic solutions are also less preferred 
man aqueous solutions for disposal purposes. 

There are a number of reports in the literature of 
electrochemical or chemical oxidation of PPy- with various 
reagents, including oxygen in the presence of water, PhO„ A, 



. «'•,*,>•; B r„ I,, spectroscopic studies suggest that V 
oridetioh or PPy with these reegent^ involve, changes such as 
hydroxylation of the pyrrolyl „i tto gen dr COIlversion of 
pyrrole ring -ethyien. groups to ketone or carboxylic. acl d 
functionalities, but doe, „p t substantially hreek up the V 
polyner into soluble .eteriel (see. c.B. street,- I.c;- Clarke 
M, Kreunbi. K. Kanaka, y. u ., p V pf lug , r , j.^^J 

"\ H ' iser ' W " tf ^ " "T in -nrmH vol. 8J i 

PP- W-m U9S2>; c. Kakouris, crayston, end a.c. ' V 

»»«on, synthetic Vol. 48, pp. 6S -„ ,„,„, p A . 

Christensen and A. Hannett. Electrochinica Acta, Vol. 36 
PP. »«,-«.« (1991) ; J. t ei. „. liang , ^ ^ ' . 

Synthetic H e f , U , Vol. „, PP- 3 0l-3 IS (19 „, . Ih : fact> , . 
Street reports that oxidation „ith Ag-, cu", ye-, Br,, z ' 
serves to Inci^i the conductivity of the PPy. whereas • 
oxidation with air or oxygen results in decreased 
conductivity: 

The only report that describes dissolution of PP y by- 
proposed degradation into »o„o»eric, dWic; and other 
soluble fragments is the. report by c.c. chen and- K. R aj eshvar, 
^^^m^ t Vol. 141, pp. 2 9 42- 2946 U994) , Here, 
chloride. ion was electronically oxidized to hypochlorite at 

a PPy coated electrode and the d*«^-„ . , 

S M iaUw „ ara aissolution 

of the PPy fro. the electrode was observed. „„ suggestion was 
»=e tor using the eleotrocheaically generated hypochlorite 
for patterning PPy, in fact , th „ uork ^ ^ 
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a deleterious side .«.« in th. — °* ^ - 
el ectrod. coating for battery ceils using chloride ion . 

electrolytes* . 

^os. ocr is the only reagent reported in the Uteres, 
that oa„ action as an etcnant for *P», Mao. as it does not 
dls solv. or degrade the photoresist, it is idea! as an etchant 
£ or the present process, eerie ,1V, ammonium sulfate has now 
b een found to function as an .tenant by removing the PPy from 
tne substrate. The mechanism of its operation is unsown. 
Both hypochlorite and ce«IV, areWng oxidants, .ith formal 
potentials of «.* V (vs. •'«»). ** ««" «« ' 

respectively. However, oxidation potential is not the only 
' important factor, as PhO,. which is reported by 

oxidize PPy. but not dissolve it. has a formal potential of 
+ , «V - greater than that for ce<IV, . Hydrogen peroxide. 
„es. dioxide, nitric acid, and perchloric acid, all shown 
in Example a below to have little effect on the dissolution of 
PPy, have formal potentials of H.7SV, ♦!.««. + »-»V, and 
♦l.lf». respectively. All of these oxidants can be co-pared 
, to the electrochemical potential for oxidation of PPy. which 
is -0. 2 v; so every one of the oxidants mentioned above has in 
excess of XV driving force for the oxidation of PPy. yet only 
two reagents were found to be able to dissolve (a. well as 

presumably oxidize) PPy- , 

Other agents which nay be used for PPy removal are 
strong, agueous oxidants and include: permanganate ion 0*0. 
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.+1.49V), dichromate: ip„ .:&^;4^.; bro ^ c iw ^ . , 
+ l I 5^V)^ypcb^aite ^o„ < B rcr, ; nitric oxide (NO, 5 

+i,59V> , hypoiodite (or^TTTsvh^^^ 

+2.0V) . All electrocneWctepotentiai^ were taken from the " 
eye Handbook ^mi^and Bhj g^; v 53 rd Edition, CRC 
Press, 1972-73, pp. bll3rll5. / 

Hypochlorite salts and cerium (1V ) salts are preferred. 
The gegen ion may be any that does not Interfere or have a 
deleterious effect. ln the case P f hypochlorite, Na and K may. 
be mentioned as suitable cations , m the case of Ce(lV) ,, the 
ammonium sulfate salt has been found to be useful. 

the^other hand, . PAni can be synthesized in a soluble 

poly*er-rof» >n^W^ (We 

use di B ethylaceta»ide; solubility in dimethy If ormamide , N- • ' '' 
methylpyrrolidone, or aqueous acids has been reported; see 
K.F. schoch, W.A. Byers, L.J. Buckley, Svnth^^ m^,„ Vo1 . 
72, pp. 13-23 <1995>> *.C. Neoh/ M.Y;. Pun, E.T. Kang, 
Tan. Synthetic Metals ,. Vol, 73, pp. 209-215, (1995)).- 
However, the same general types of solvents that dissolve the 
PAni also will ii k ely swell or dissolve the photoresist. «o, 
it is not obvious at this point whether the solution.based 

re»oval approach can identify the proper combination of 

etchant and resist Rtrin«^ « — _. • _ _ 

-jrput=jns. Jtrererred oxidizing 

agents include salts of hypochlorite, such as potassium or 
sodium hypochlorite,, and eerie ammonium sulfate. 
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As shown y>^~#-«^~« ^ 

seconds. ^ ■«» oxiailin, agents win - 
appXied to - first patterned surface in « " V 

"Les soiution. ,In the case o^hypechXorite. o.op V wt,Vtn 

soXotions.in water are suitabXe. and-X ^ *• » 
soXutions are preferred., xn the case of cerin. -f"V 
suXfate. xo-to XOHin water soXutions are suitabXe and « 
to x „ soXutions are preferred. TypicaXXy. the f** ^ 

•«V, treated with the oxidising agent at 
patterned surface wiiX be treated wl 

S to prefer**, ,0 to 30-c. for a tine of 0.X to 

.Utes. prefers X to X0 ninntes. «. controX of the exact 
conditio... U, ^ntev^iet^re«va^of- the exposed 
conducting poXyner is weXX within the abiXities of those 
having ordinary skiiX in the art. 

Of course, it is to he understood that it is not 
necessary to renov. aXX of the conducting poXyner fro. the 
regions of exposed conducting poXyner. *ather it. is onXy 
„scessary to renove sufficient conducting poXyner so that the 
, conductivity in the regions of exposed conducting poXyner - 
decreased to a XoveX signif icantXy beXow that of the 

* « rt ^nns For example* in 
conducting poxy-er in the unexposed regions. 

th e case of PPy. a X, nn thich Xayer wiXX typicaXXy ^have a 
conductivity of S00 s,c since the conductivity of the m 
!5 .creases with decreasing thickness. renovaX o onX 
of the PPy fron the exposed regions wiXX resuit in 
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■■■f^^H^t^^^ A decrease in conductivity by 
^P^.6t ri60 is easily achievable even without reaving all 
^oi the conducting ^bly.er froa the exposed regions.. When the^ 
patterned surf ace of, conducting polyaer is being, used as a 
circuit or in a biochemical sensor, a decrease in conductivity 
by a factor of ip% f preferably 50%, is sufficient to result in 
selective; conduction through the regions of higher 
conductivity. When the present patterned surface is being 
use* in ^liquid crystal display, it is preferred that the . 
conductivity of the exposed regions of conducting poller be 
reduced^such that the ratio of the conductivity of the ' 
untreated conducting polymer to the conductivity of the 
treated conducting, polymer be at- least 10>, preferably io<. 

The change in surf ace resistance that was obtained in 
Example 2 below, was a decrease of -I50x, Specifically, in ; 
one example, for a starting value of surf ace resistance for 
PPy of 2.5 kohm/sq (kohm » lo' ohm) , treatment with MF-312 
developer <tetramethylammonium hydroxide aqueous solution) 
produced a surface resistance of -305 kohm/sq, giving a change 



of 122X. 



The effect of having regions of higher vs. lower surface 
resistance with respect to liquid crystal switching is to 
flatten and spread the intensity vs. voltage curve. 
Differential switching in one region vs. another occurs but 
depends strongly on the switching voltage frequency. Thus, 
the liquid crystal LC switching characteristics of those 
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^- w ^ v be used in a display 
v re ,ions wouid be different, whrch »ey 

option. » — - tetranethyiae^ 

„ide. *. in the case of the e,ents of type W. 

:rr: * ^ «. — ~- — ^ 

0 Lee in the for. of ^ a W eous solution - - < " 
^OH-. 10 ' to ». M solutions ere surtabie. end 

solutions ere preferred. . 
;..___ JI ^^^*io M ^ t -tr»t^itu_th^^ of type 

15 r - ~ C ese - . . 

somtion of tetra.ethyla.~niu* ^«id. and m 
results .ay be ecnieved usin, treefnt trees of 0.1 to 

«ferably 1 to 10 .inutes. end te.per»tures of 15 to 
minutes, preferebiy 11 -resent 
. 9 , C( preferabiy 2. to 3CC As noted above, when the P~se 
„ surface is to be used as a circuit or in a 
2P patterned surf ace x t o£ ^ second surface vitb 

1 eoneor the treatment of tne second 
biochemical sensor, th 

the agent of type (ii) is suitably carded out so 
conductivity of the conducting polymer in the regions o 
eX posed conducting polymer is reduced by a factor of. V*. 

^ „»tterned surfece is to be 

25 preferebly 50%. However, when the patterned 
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used i« , crystal display, heater reductions ^ . . " 

necessary as described' above. ' , ). 

Exaspies'of, suitable agents of>the type uhich ' ,;■ 

increase the conductivity of th,..xj>osed conducting polyer 
include strong protlc acids, super acids, various oxidants 
(see pa,. 27 and fcxa.pl. 2 y, and tfa^*^ oxidation. 
Preferred agents o £ type ,ii„ utf* Hcl , ^ ^ ^ 

the •^JP«t^.«^^ tt --^ ul|; ^ t - tea 
with an aqueous solution o, the agent of type ,lii, ,' la tbe : 
case of strong protic acids, such as HC1, HKo„ HClo., and 
B.S0., 10- to 10 H solutions are suitable, and 10 > to 1 M 
solutions are preferred. .' 

second pattern surface, will depend on the identity of the • 
ag.nt of type (iii) and.the conducting poller, in the case 
of a l M solution of HNO y and PPy, good results .ay be achieved 
using a tre,t.ent ti.e of 0.x to 100 .inutes, preferably l to 
10 .inutes* and a temperature of i5 t Q 95 «c, preferably 20 to 
BO-c. ^en t he patterned surfac. of conducting poller' is to 
be used as a circuit or in a biochemical Censor, the treatment 
with the agent of type- (iii, is suitably carried out so that 
the conductivity of the exposed conducting polymer is 10%, 

preferably 50%, greater than ~„ <.v_ '. 

— w * WM * ^onaucrmg polymer in 

the unexposed regions. 

Thus, step (c) affords a surface which contains regions 
of blocking material (remaining photoresist in the case when 
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e^tep,,*,,. ana re9i ° nS "Tel • 

at « a potion ,f the conducting poller has been 

ved- <ii'> the conductivity of the exposed conducting 
renoved. (U > ^ activity of; tha 

polyner has bean decreased; or (lil ) tn 
exposed conducting polymer has been incraasad. 

in stap (d) , th. PiocXing satarial is ranovad. 

Xypically. tha refining Photoresist wiii ha renoved by 
„ashin, with a soivent or stripper. Tha exact solvent «11 
aapend on tha identity of the photoresist. Stoppers for 
resists are described in chapter 14 of ... Horeeu. 



- erim luim, nr-rf— ■- and 



...irnndrT*'"- I-itl 

MaSsEisla , Pl enue Press. «. 1.... PP- ■ ^ 

^corporate* herein by reference, Th S elective here rs to 
" strip the resist without edversely affecting the conducts, 
poiyner that reaains on the surface, strippers can be: 

„ organic solvents, typically polar solvents such as 

chlorinated hydrocarhon. -ethylene chloride,. Ketones 

• .acetone, nethyl ethyl Ketone, aethyl isohutyl Ketone *- 
aethylpyrroiidone,. esters, alcohols, difcethylsulfoxxd. 
;0 preferred arc non-toxic solvents liKe acetone that have been 

shown (EX, 2) .not to affect PPy; or 

~+mryrt acid or base solutions. 
2) Aqueous strong acia ui 

X. the case of the photoresist S1400. acetone is the 
pr eferred solvent. The selection of a suitahle solvent for 
25 ,iven blocKin, naterial is within the abilities of those of 
ordinary skill in the art. 



Removal of the blocking material i„ step W aff ords a 

surface caning regions of exposed conducting poller : 
having a : conduc^^ ^ 

conducting poller surface forced in the first step (a) and 
regions in vhichV (i^) at least a portion of the^ conducting 
polymer has been removed; <ii') the conductivity, of the 
exposed conducting polymer has been decreased; te-fili'J the 
conductivity of the exposed conducting poller has been 
increased";" 

incases (i) and <ii>, the regions of conducting poly»er 
which were not exposed and which were not treated with an 
.agent in step (e, will have a higher conductivity than the 

the regions of 

conducting poller which, were not exposed and which wer* not 

treated with an agent in step (c) will have a lower 

conduct! vity- than the regions (iii^). 

By means of the present process, it is possible- to obtain 

surfaces having an exposed pattern of conducting polymer in 
which the pattern of conducting poller has any geometry or 
pattern which is conventionally achievable using 
Photolithographic techniques. Thus, it is possible to achieve 
Patterns in which the line width of the regions of high 
conductivity or low conductivity is as fine as 0ml nicron 
linewidths using current state-of-the-art optical lithography 
techniques, and -10 nm or below using state of the art 
electron-beam or ion beam exposure tools. 
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J patterned surfaces of Conducting poller. Prc^ce*^ ? 
t process na, be used .,s *he conductive element in ,, 
the present process ma, .; opned . . 

**l display device. Thus, the present patterned 
. liquid crystal diSP^Y 
JLe can be used as a replacement tor a conventional 
patterned surface of- ITd in a liquid crystal display device^* 
as alluded to above, due to the Uexibl. nature of 

it is preferred that the present 
tne conducting polymers, it is preferr 

a'.urface of conducting Polymer be present on a 

rrslie and constitute the conduct,, element in a 
dexible liquid crystal display device, 

yigure 1 is a schematic diagram of one eminent of the 

o^i™ o€ PPv is formed on 
present method. In the first step, a film of *Py 
- a -T Sly «r^« rt ^n^e^=ond^t.p^.- i «-of _ 

, otv in the third step, the 

photoresist is spincoaced on the PPy. «. rm , is . 

to actinic radiation in a patternwise 
, photoresist is exposed to actinl 

Lhion. in the fourth step, the exposed photoresist is 
aliped to renov. the Photoresist fron the regions which 

„r. exposed to actinic radiation in the third 

„pose regions of PPy ^ '"^ ^ ^ ^ " . 
0 removed by etching, and in the sixth step, the return, 

photoresist is removed. furtn or 
THe present invention .ill now he explained in further 
T ne pt« understood 
oetail in the context of PPy. However, it is be^ 
^t the good effects of the present invention nay he achiev 
25 using other conducting polymers. 
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; *his invention aescrib,. a staple . practical process t or 
producing high M801ution patterni oi : a condocttng on 

polyneric substrates, not be*,- aesoribea or 

C °™" ed in reports on ^ patternil>g 

o t conauctin, polyps/ Thin fiW oi PPy cnn -fc aepositea by 
««.in-si t u nethoa onto pWnoaifiia f iubropeljUlc 

substrates using previously a.scribea pr6ceonr.s. » ' 
Photoresist is then appliea to the conducting polyner: «„. 
The Photoresist is exposea with uy Ught through a contact ■ 
-as*, an* is aevelopea to for. a pattern or photoresist, on top. 
or the PPy fll .. W agneous soiution of SMlM1 hypot!hlor L 
or other reagent is then appliea to the photoresist-coated ppy 
to^enove^PPy ^0,-th^egions^protect.a by the 
Photoresist. Finally. ;th. photoresist is aissolvea., fr 6» the ' 
surface nsin, e solveut such as acetone, leaving patterns or 

electrically conauctive PPy on the fluoropolyeer substrate. A 
echesatic ascription, or this process is. shown is Figure 1. 
The PPy-patternea substrate is then usea as the pattern- 
forsin, conauctive element in a liguia crystal aisplay. 

in . variation of the present invention, the PPy is 
aepositea onto the fluoropolyser substrate as above ana the 
Photoresist is appliea, erposea with 0V l„ ht , a „a a.veiopea 
with an agueous solution of tetranethylasnoniu* hyaroxia. 
(TMAH) - a convention,! ccercial photoresist developer. The 
™*H increases the surface resistance , ana decreases the 
electrical conauctivity) ot the PPy by , factor Qf ^ ^ 
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a„es not remove the PPy fron th**ubstrate. The. photoresist , 
is then dissolved- fro.' the substrate as above., Xn this ease.. , 

regions of- an « display. Whereas 

base-treated regions will not s«*toh as effectively at the 
sane a PP Uea volt.,, and do not Motion as active araas. 

T hls configuration nay be preferred in application, where the 
conplete renoval of the PPy filn is not desired. In this 

esbodinent. steps (d) and (e) are conbined. 

Finally, certain reagents, such as hydrochloric acid. 
nl «ic acid, sulfuric acid, and perchloric acid as well as . 
those reported in the literature have been found to decrease 
the surface resist.u.ce-tahd^ncre.se-th^enductivity, of as- 
f omed PPy filns by up to a factor o t ,. Treatnent of PPy 
«„«; either before or after photoresist patterning 
procedures described above, can be used to optimize the 
electrical characteristics of the PPy tor display 

applications. 

Materials and nethods for producing patterns of 
, conducting PPy patterns on fluoropolyneric substrates are 
aescribed in the ex.nples below. However, the photoresxst 
patterning nethod. coupled with appropriate reagents for 
ei ther renoval. inpaiment. or enhancenent of the electr.cal 
properties of the conducting polyner is a general concept that 
„ can include non-f luoropolyneric substrates, (including 

inorganic and other polyneric naterials, . other conducting 
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,:po ly Ws ;(8U =h a, polyaniiine, polythiophe ,,^ pol , acetyW . 
. and ether etchants (solution P h M e or pli8M) , ^ 
conducting pol^producea by thi, . PP roach can „ ^ f ^ 
liquid cry,tat displays, severs or transducers for 
electroche.ic.1. radiation. tea P erature, or aooustioai i„ pu t. 
aicreelectronic circuitry, or oth« applications where 
patterus.of el.ctric.Xly conducting polyaers ar. required 

other applications 6, the ater™* conducting . 
afforded by the present invention iaclude, actuators, 
antiradiation coatings; antistatic coatings and carpets- 
■ coatings, fibers, fil... Paint., etc., artificial -useless - 
batteries (lightweight, high e„«gy density, rechargeable, 
flexlbl., odd-sh.ped), capacitors and supercapacitors- 
catalysts,, coating for initiating electrons or electrolytic 
•etal plating on dielectric substrates, conductor, 
(lightweight,, controlled-release sedicine delivery systeas, 
■corrosion-preventive paints, displays, electrochronic and 
electroluainescent displays, snart vinous, electrodes 
(catalysts. fu.l cells, etc, , , electr„.,g„ e tic shielding, 
electromechahical actuators- for bionedical devices, 
•icropositioner,. nicrotw.ez.rs. nicrovalve,; . .tc. ) electron- 
be., reeists, field effect transistors, fuses (reversible, -gas 
separation ...bran.,; heating elenents (e.g. , dothing) , 
infrared reflectors, photolithographic resists, loudspeaker, 
(electrostatic) ; me.ory devices (electrical, optical) , 
aolecular electronics, „icro- „ r nanoelectronic circuitry, 
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optics; P-*Ki* »» • 

po^er/solid eiectroiytes; semiconducting devices: p-n 
renc.io.-.photevo^ic^tt^i^a^^^^ ., ,-. 
dioo es, transistors, etc.; transparent conductors 

Such applications are discussed in S.S. Millar. -r. 
Hater...Vol. S. p. 587 (1993) and in.Morea». PP- 759-W3. 
»„ieh are incorperated herein by reference. 

A poiyner or glass titer coated with PPy or other 
eonducting poiy-r in selected region nay ; be used as a 
bi oconpatlble eiectroehenicai sensor that nay he inserted or 
Rented into e,c.U or other snail area. It has recentiy 
tten ported that neurons nay be stinulated b y voitaoes 

ied to.a conducting POly^r-c.oated plastic; there was no, 
'XL definition invoived. The present invention nay be 

vid . electrical stinulation to neural netvorhs nuch 
used to provide electrica »__,« t io 
U*e those currently produced on glass substrates. -oust- 
sensors nay be fabricated by putting PPy electrooes onto^ 
p.esoeieetrie poiyner such as polyvinyl Ouor.de 
sensors becone nore sensitive as they have "^Tr rather 
, a ,splace. and using a li 9 ht.ei 9 ht con«>uctin 9 poiyner. rath 

Z a . tel eiectroae. couid yield inproved acoustic sensors, 
ducting polyners have hi g h eiectrlcai conductivity ut 
poor themal conductivity end. as such, nay be used to prepar 
.proved pyroeiectric detectors, because current nater.ais 
5 „uch better themai conductors and spread heat, thereby 
' ioverin, the resolution of the thermal inage. 
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* V ^ ^ esent Patterned surfaces; of cbnductiha 

V , v .- i. • •. . «rrace.-^e ; presentlattStts-ed 



'i*k«W V Plating base for either 

eiectroiess- plating br electropiatiha mw . 

•.. : «•■ p --* n « (in which current is 

^ po^ r , ot „ t , l3 -'circuit 

Md iK n « "*»™*a to bo U.iti„ g 




^«i„^ lene . co . he]tatluorepropyiene m 

. ril^ (obtained frow ouPbnt co wii»- • 

situ rioW • = n ^ CO. Wil ttington/ DE, using the ih- 

situ polymerization method ' * 
• int . * * transparent . m » of PEP was cut 

into a 1.5 x 1.5 inch square and tho„ ^ 

in , ■ ultrasonically cleaned 

in methanol for 30 sec. The pep fk 
> 0 , ■ .. FEP was then placed into a . 

Harrxck radio frequency glow discharge (RFgdi -ii 

^ (HFGD) plasma cleaner 

(Model PDC-23g) which was modified wii-K 

, . , .. Rifled with an in-line high vacuum 
leak valve for controlling g» s . 

. s g-s ana cnamber pressure, a 

mixture of h 2 and methanol was +h« • - • 

. k . ' . VaS then Produced into the plasma 

chamber under constant flow conditions such that a constant 
Pressure of loo mXorr was achieved. Xbe FEP fii B was then 
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'exposed to a plasma for 1.5 min.. After removal from the 
pl asma chamber the modified FEP film was then ultrasonically 
cashed in methanol. -This-prooess-^ontr ollably defluorinates 
.the FEP film and produces hydroxy! (-0H) groups on the surf ace 
' of the polymer/ The plasma modification process has been 
.described in U.S. Patents 4,946,903 and 5,226,309, which are 
incorporated herein by reference. 

Deposition of conducting films of polypyrrole (PPy) onto 
Bodified FEP was done using an in-situ polymerization 
>• technique Pyrrole monomer (6.6 mL) was dissolved with . 

magnetic stirring in 100 mL of DI water (200 mL beaker, room 
temperature, during 15 minutes. In a separate 400 mL beaker, 

f erric^lor^eJu^^ 10 
t00 mL of DI water. After 5 minutes stirring at room 
5 temperature, 0.98g of anthraquinone-2-sulfonic acid sodium 

salt (AQ2SA) was added to the ferric chloride solution. This 
solution was stirred'for 5 more minutes to dissolve .the AQ2SA. 
Then, 5.34g of 5-sulf osalicylic acid sodium salt (SSA) was 
added, and the, solution was stirred for 5 .ore minutes to 
20 dissolve the SSA completely. 

Polymer substrates were immersed inside the 400 mL 
beaker. The entire 100 mL of pyrrole solution was added 
quickly (during 1-2 seconds) to the beaker containing the 
ferric chloride mixture, completely immersing the polymer 
25 substrates into the deposition solution. After 5-15 minutes 
in the deposition solution, the substrates were coated with 
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higher surface resistii^th^TT^ ^— — * , 

v . ^ an ^ OSe ^p5sited^t longer 

tW. The PPy f iiis were ultrasbnlciny , lea „ea i ^ ^ 

" 5P!SWW >nd p—fesis^ 

measurement. Measurement of th» ■ / 

end thicKness of L ^ 111" ^ ^ — - 
•TroiT^,^ . TyPlCal ^Parehciss ranged 

transmission - 55() 
ranged fro. 10 to 25 „„ . thideness . 

romance units 1^ ~~ 

of the PPy tii _ thiocnese,. slectrica! measurements 

». **y film, w . med. Mlnff a ^ . , 

Probe „ ith » Keith!,, model IK ,.,, . 

2 ,„ ■ °del 19s Voltmeter and Keithley model 

" 4 ^ ^ — of surface resistance £ or- 

"-Prepared fUm, ranged-betseen 5M .„ 00 ota/sq , ; 
some p oni yleued ^ wits * 

« high as 10 K ohm/eg, corresponding eiectrioal cdnductivit as 
ranged between 100-1300 s/o. PPv , fl , V "" S • 

ai,- ^ aU °»ed to stand in 

air under ambient in 

in surf.c • Orally exhibited ,„ i„ crMse 

surface resistance over a period of severe! days- 

stabilizing ,t values typicallv ■ . 

VPically ranging betve<m 5 . 10 kobK/sq 
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PPy , U» for display, fabrication were used as soon as 
possible after deposition to avoid^idative degradation. 

^ Effect of various reagents on the electricai ■. 

properties of PPy ~, . 

m „ 8 of PPY on PZP substrates, prepared as described in 

Branple 1, were treated with various solution reagents for 
tta „ ranging fron 30 sec to 10 nin, and toe cbange in 
surface resistance of the PPy fil- was neasured using the 
£ our-point probe technigue. although PPy ««-* «~ 
erperLnts were taKen fro. the saee preparation, the surface 
resistance values fron sa.pl. to sauple can vary by a factor 
_^-3. so-the-changes^n^urfac^esi.tance^re^eported 



norJaUred to the initial value of the PPy «U- Prior to 
erposure to the reagent, Por the results shown ^ - ~ b e 
I below, the initial surface resistance values for the PPy 
: ranged from 2 Koh»/s, to 6 kohn/sg. _ 

« should be noted With regard to the surface resrstanc. 
changes that if the PPy fil- U of the highest guality x... . 
10 „est starting surface, resistance/highest conduct^ 
, values, then the acid doping has little affect. The data n 
the table was obtained for f il-s of noderate gual.ty, where 
the additional increase in- doping level could be discerned 
However, the base-induced undoping was effective regardless 
me initial PPy surface resistance - for the typical ranges 
25 produced above. 
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Egageat - V: ■,"T"^-^r . 

4M NaOH (aq) Increased 8 2x 

1M CH^COOH Increased l.3x 

JS*^ 0 * Increased i.\x . 

HuL Increased i.9x 

JJi « 2 S0 4 Decreased 2. Ox 

1H HH0 3 — ! . . Decreased 1 7x 

1M HC10« Decreased 3.2x 

1M NaNOj ' Decreased 1.9x 

O.im AgN0 3 Decreased 1 ■[ 4x 

1M Mh0 2 in 1M HC1 Unchanged (<10*V 

Clorox bleach (5.25% Naoci r—*i Decreased 2.5x 

O^IM : W a Ca<S0 4 ) a NaOC1 taq)) Removed film 

Acetone Removed film 

' : — , ' Increased l.4x 

_ " estt data 8tow : fl " t 

ITT - ^ 

acidic reagents can improve R a** * v • 

' 1 and a fc y ~2-3x; acetone which is 

employed in the photoresist •. 

o^oresxst removal step (See Examples 2 and 

3, does not materially a«ect the electrical properties, and ; 

° XidiZi - — nts such as sodium hypochlorite and- 
cerxc ammonium sulfate dissolve the PPy fllB and reaove ifc V. 
from the fluoropolymer substrate. 

«a. r. brication of patternea pyy fiiM usin9 ^ 

hypochlorite etchant. 
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pdypyrroX.-co.ted TO. substr.te. were produced a. ,. - 

ascribed in Ex.npX. X- To. PPy.co.ted- substrate «,s ..spin- , 
co.t.d with X.2 ~ tniOc £ iX» o t . SX«00-» photoresist ( ShipX.y 
Co.,. The pnot.re.istw., exposed to (tot.X dose -20, . 

,,/cs?,' of P.tt.rned W <2«-40 5 *», radiation using . H,/X. . 
ianp-b..*, contact printer (KarX Suss Co., with a chre»e-on- 

cont.ct n.se.. The exposed photoresist v.. dissolved ■ 
usin, MF-iXX devexoper (Shipley Co., at X = X dilution with 01 
vster (the diiuted solution is composed ot 0.27H 
tctrancthyXanmoniun hydroxide. TOM.) for X.S nin and m 
' rinsed with 01 water. The substrate w.e then ianersed in a. 
solution of Clorox. bleach (aqueous sodiun hypochlorite) for 

3 „- i0 see_to_dis.oiv. a^mJauw^J*^ ' 

unprotected by the photoresist; the substr.te ... then rinsed 
with DI vster end dried under » stream of nitrogen. The 
photoresist w.s then renoved by infcersih, the substr.te rn 
ketone for X nin, end the substr.te «. rinsed with OX water- 
and trie*, sxa.in.tion of the substr.te by opticX nicroscopy 
showed patterned regions of poXypyrrole that repXicatea the- 
patterns on the contect .as*, with features h.ving ninieu. 
Unewidths of -50 end sharply defined edges. The sane 
procedure was used with a cont.ct mas* having serpentina 
patterns and Xinewidth. as fin. as 20 optic.X nicrograph, 

of the patterned PPy fil»s -« shown in Figures 2. .nd 2b, 2. 
and 4. in Figures 2a and b, the lighter region, are those » 
which the conducting polyser regains, and the darXer regions 
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, -«*h OS., i„ ; wnich th , cond<jctlng polyaer ,= 
"TV 8 ^.^^ : ^«-~ in W Ma> W ■ 

thee » which the c^;^ 

. Thesane PPy patternin, proceaure m ^ ^ 
above, with the exception that » hi„K scribed 

. w • ' hl,h «*ol«tion lithographic 

test mask was employed with — 

Ployed with an exposure dose of aoo . „ /c ^ 

«. development tine of l 5 „<„ . /on and 

Mir „„ . S " ■"• ? ns P«=«on of PPy patterns 

under the optical nicroscope revealed 

iinewidths of „. " ■ t * rM » inl - 

Sa^. fabrication of patterned PPy f llM using cetlc 
annonium sulfate etchant. V 

' . Polypyrrole-coated FEP substrates are produced as 

described ih ExamDle 1 ar,ri =. 

»pie 1 and are coated with photoresist, 
exposed and developed as described in Example 2. The 

substrate is then immersed in an d i m 

an °* 1 M aqueous solution of 
eerie ammonium sulfate for a.period of 10 min or less to 
remove the PPy f llB froM the n0t . protecte<J , 

photoresist, rinsed with DI water and ^ ■ * 

A Wate * a "d dried. The photoresist 

removed by immersion in 

ln aCet ° ne as ^^ribed above, leaving 
patterns of PPy on the FEP substrate. 
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B^.' ^ic^ of pattern*. PP» fil»s witb U 

surface resistance. > ' 

Patterned polypyrrole-coated PEP substrates are produced ; 
as described in Eranple 3. After re.ov.1 of the photoresist, 
tb. patterned PPy fil* i* Versed in a solution of aqueous 
,,„, nitric acid for l oin, rinsed witb DI water and dried. 

Tbe acid dip decreases tbe surface resistance of tbe PPy by a 

factor of 

nS^.. fabrication of Patterned PPy fitas usin, HP-312. 

Polypyrrole-coated PEP substrates were produced as 
aaacribed in Exasple 1 and were coated witb photoresist, 
-^ciSTina^o^^ 
developer degrades the electrical properties of the PPy «»- 
in the regions unprotected by tbe photoresist. The 
pbotoresist is then stripped Witb acetone as described above. 
Tbe fiuoropolyner substrate now has. patterns of highly 
conductive PPy filn corresponding to tb. regions that were ^ 
protected by tbe photoresist, in the other areas, damaged PPy 
„itb -150X higher surface resistance reeain. 

Fabrication of a liquid crystal display using 

patterned PPy filns. 

An unpatterned PPy-coated f luorcpolyner substrate (-2 
square, was. produced as described in ~a.pl. 1- X patterned 
polypyrrole-coated PEP substrates was produced as descrxbed 
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exaaplo-3:- A is »« thick t.»i™ • 

: :\ ■".>. " T *"°" "P"" 1 »« Inserted between. 

tlie two Substrates to be aki. ■ ' ». ' 

-oiii-> "ii 4'' -VA ! • V U *° COnkro1 »• specisg of the . 
c !. ; Th e PD1 c dovic8ls fibtl ^ ^ ^ ^ 

pe^teoee « ..tectic neWstic UauW ctystex ^ te6 n (Qt 

^S^m^ on 

^ - Tt^^' ~ ™— ee e*e 
on top oreecn otber , vl tb tbe oondeotin, s^.ces fecin, 
~ tbe W,. „ ,^ :cell „ lth a ;sm1i ifMt; 

the electrical contact can be Wad. *k 

n ©e made. The saapie is 
Photopol*meri ? ed for appro^inately twenty B i nu * 
UV l^h* -V- Wnty minutes using 360 nm 

UV light. Connection to an electr^.1 

by at*-* • - ^ectrical power supply was made 

oy attaching metal clips to the pih, 

_ • ° the ^ film-coated substrate. 

The PDLC device, fabricated in this manner using the 
POlypyrfole film as the conducing Substrate, exhibits - • 

electrooptic. switching. The yoltaao 

* «e voltage dependence of the 

intensity, of transmission of the Pnir ■ . 

• .. . or the.PDLC device with polypyrrole 

substrates shows a threshold yolt*ae of ah ^ 

. . w voltage of about 15 velts beyond 

which the intensity attains a saturation value. 

, PDiC Seated from PPy f iln on PET . 

A number of PDLC devices have been fabricated using both 
Polypyrrole and polyaniline fii„ s as electrodes. Here the 
fabrication and wording cf one type of PDLC as a typical 
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■ , scrib€d The PDLC device was fabricated using, /. !r 

, ha electrically conducting 

. feature r tne eiectii^f^^i 

nas a very important feawur 

OTfBM . b y which «.e U appXied to the are 

cond „ctin, poXyner Thus. t*e XTO coate* ,X.s. « 
f ,. U «'^ suites o £ the — 1 -= device, are 
r e P Xaeeo oy conducting poXyser £ iXss in -is -vice 

The conducting poXyner (pbXypyrroXe) coated PET was 
«. strips o £ appropriate si,e «-,.. « »"> ~ ~ 
ceXX £ a b rication. To be ahXe to controX the spae.n, o £ t*e 
.^^.^Xectroaee^^sn.str.tes was treated 

.ith tne .s nicron size spacersV 'STine device was _ 
£abri catea hy -in, eguaX weight percentages o £ eutect>c 
„esatic Xiguid crystaX .irture » .« Ch.nic.Xs, and - 
, ^e optica* adhesive. HorXan, OpticaX Mhesrve - 
ordinary tractive inae* - ~ Xiguid crystaX 1? nsar y 
„ eguax to that o £ the poXyser <n=X. 5 »>. a preregu sit. to 
, gating a Plight shutter. Be.or. poXy-er.ratao o £ 
th e Horxand adhesive; the Xiguid crystaX was disso^ 
prepoxyser and a ssaXX aeount oi this hoeogeneous suture 
p Jcea on tne conducting poXyeer suhstrate with tne spacers. 
me suostrates were pXeged on top o £ each other w.th the 
. conducting spaces £ aciog toward tne insia. o £ the ceXX w tn 
e seaXX o ££ set. such that tne eXectricaX contact can he sade. 



The sample was photbpol^eri*^ >^ 

mina¥m : .... lyBer ^ ed *or approximately twenty ; ^ - 

■inutea in uv light (360 nil I ^As ; th« ™- ' , 

no . . . . } the Pre-polyner moiety 

polymerizes, the low mpiecular weiaht iwtn ' ■ 

- • " - 9ftt liquid crystal is ho 

longer soluble in the polymer bind— 

P aymer binder and it subsequently phase 

7°" ^ to *» ;« We*. c« ta to gro : : 

-nta t-e ^ locks lh ^ dropltt iorphoioOT 

size. i^., ^tt^^-to.W^.,^,^ J 

•**m<*ijfr-m the conducting substrate, exhibited ^ ' 
eXectro^ptie switching. The vol ta 9 e ..epe^ence or the 
intensity ox. trWssicn of W«i< device with WypyrroX.^ 
substrates showed , threshdXd voXtage or about' 15 volts beyond 
whxch the intensitr attains > saturatien value. This 
Savior, the gualttative nature or the variation of the 

intensity with applied voltage, as Well ». „ 

, waye, as well as the magnitude of 

the threshold voltage, are verv si.li.. ,. „ 

are very sinxlar to those in currently • 

used PDLC devices! with ito b ased substrates. 

maEttJ. Twisted noetic i lquia crystal Qisplay fl w . ; 
fabricated from PPy film en PET. . 

A TH ceil was fabricated using polypyrrole films ' 
deposited on PET as in Example 2. The cell (figure 6) 
consists of two conducting substrates, two polarizers, spacers 
to control the ceil thickness, and eutectic nematic liquid 
crystal material (E7>. The conducting substrates were treated 
(unidirectional rubbed) to create uniform parallel alignment. 
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"■ Th e spates were sandwiched together with the conducts 
sides facin, each other, a snail offset to .U« for electric 
connections; and with the' alignnenf direction at the top 
substrates rotated at 90- with respect to the botton 
5 substrates. The spacers <usually,3-10 morons,' were piece* 
.etween the substrates so as to control the cell thicXness, 
^ two opposin, side ed 9 .s are sealed With an epory ,loe and 
the cell is filled with the liquid crystal hy capillary , 
action. Placin, the cell between crossed polarizers completes 

in the TN display. 

Th e electro-optic characteristics of a « device. ^ 
f shricated usin, the conducts polyner (polypyrrole, il«S 

^ .^tx^de-surfa^^v^en ^ 
invested. The applied volta,. was » volts across the 
( the cell. The rise time and the off-tine. 

- :r ;.r„. - - - — — ; -■ - 

nt . _ and 54 m s. Thus, the 
, ov o£ the f . worKln , TO . device 

£u „ctionin, and the — -f = ^ ^ „ 

fabricated with an optically tr 

20 th . conducting substrate has been ae»onstr,ted. 
the steps involved in the device fabrication. 

Odiously, nunerous .edifications and variations of the 
pte sent invention are possible in li,ht - 
teachings. It is therefore to be understood that, wi 
„ ' scope of the appended clains. the invention nay be practic 
oth erwise than as specifically described herein. 
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' 1, ; : A process: for preparingi a patterned clductin^ • " " • 
polymer surface, said process comprising : ^ ^ 

(a), forming a surface of a conducting; poller o^ a 
surface of a substrate; 
... (») forming a surface of a blocking Material '-.on said 

:^^9t. said conducting poller in a patternwise 
fashion, to obtain a first patterned surf ace ' ; 
Containing regions of exposed conducting poiymer and 
regions of blocking material; 

— ^tlj^ at i n g said tirst patterned su rf acg with' an agent 

which: (ij removes said conducting polymer from said 
' regions of exposed conducting polymer; (ii) 
decreases the conductivity of said conducting/ . 

polymer in said regions of exposed conducting 
polymer; or (iii) increases the conductivity of said 

conducting polymer in said regions of exposed, 
conducting polymer; and 

(d) removing said blocking material to obtain a second 
.. patterned surface containing an exposed pattern of 
conducting polymer. 
2- The process of Claim l, wherein said substrate is 
selected from the group consisting of glass, quartz, silica, 
silicon, silicon nitride, alumina, aluminum nitride, titania. 
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titanium nitride, diamond/ waxes* polyesters, • 
pblyvinylacetate, polyolefins, polyethers, 
polyvinylmethylether, polyvinylbuty letter, polyamides, 
polyacrylkBide, polyimides/ polycarbonates, polysulfones, 
.^^;:tl~»^-- : ^^ Hydrocarbon pollers, 
acrylate and acrylic acid polymers, phenolic polymers, 
poiyvinyialcobol, polyamines, polypeptides, siloxane polymers, 
polyvinylchloride, polyvinylbenzylchloride, polychlorostyrene, 
poiyvinylbutyral, copolymers thereof, and mixtures thereof. 

3. The process of Claim i, wherein said conducting 
polymer is selected from the group consisting of ,cis and. trans 
- polyacetylenes, polydiacetylenes. polyparaphenylenes, 
polypyrroles, polythiophenesr^lybithiophenes, 

polyisothianaphthehe, polypheny lenevinylenes , 
polythienylvinylenes, polyphenylenesulf ide, and polyaniline. 

4. The process of Claim 1, wherein said conducting 

polymer is polypyrrole. 

« r*t-*iy* i wherein said conducting 

5. The process of Claim 1, wnerexn 

polymer is polyaniline. 

6. The process of Claim 1, wherein said agent is 
selected from the group consisting of ion milling, plasma 
etching, hypochlorite salts, cerium (IV) salts, agueous 
OH- (where R is C^-alkyl) , HCl, HNO, , HC10 4 , and H 2 SO,. 

7. The process of Claim 1, wherein said agent is a 
hypochlorite salt. 
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• 8 . The process of- Claim 1, wherein said agent; is./- • ' 
tetramethylammoriium hydroxide . 

9. ;a patterned conducting polymer surface prepared by a- 
process comprising: 

' ; (a) V forming a surface of a conducting polymer on a 
Surface of a substrate; 
(b> forming a surface of a blocking material On said 
^surface of said conducting polymer in a patterhvise 
^fashion, to obtain a first patterned surface 
; containing regions of exposed conducting polymer and 
regions of blocking material ; 

(c) treating said first patterned surface with ah agent 
which: (i) removes said conducting polymer from said 
regions of exposed conducting polymer; (ii) 
decreases the conductivity of said conducting 
polymer in said regions of exposed conducting 
polymer; or (iii) increases the conductivity of said . 
conducting polymer in said regions of exposed, 
conducting polymer; and 

(d) removing said blocking materiel to obtain a second 
patterned surface containing an exposed pattern of 
conducting polymer. 

10. The oattemed <mr-e*r*<± ~* ^^i^ ~ 

_ o,. v- -La j. in wnerein said 

substrate is selected from the group consisting of glass, 
quartz, silica, silicon, silicon nitride, alumina, aluminum 
nitride, titania, titanium nitride, diamond, waxes, 
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posters, polyvinylacetate. polyolefins. powers, 
po^inyl-ethylether. polyvinylhutylether. polya^ 

'oietones.fluoropoly.ers. 

acry late and acrylic acid polyners. Phenolic pbly*ers. 
Zinyiaiconci. polyaeines. POlypeptiaes. silo»ne po y»ers.. 
^inylchloride. polyvinylhenaylchloriae. polychlorostyrene , 
pol'inylhutyral. copolymers thereof . ana ^a. thereof. 
1X The patterned surface of clain 9. vherexn sara 

conauctin, pclyner ia selectea ..on the ,roup consisting of 

cis and trans polyacetylenes, poiyaiacetylenes, 

polyparaphenylenes. polypyrrcles . polythiophenes, 
-polybithiophenes^ polyisothlanaphthene. 

p„ ly p„enylenevinylenes, polythienylvinylenes, 

polyphenylenesulfiae. and polyaniUne. 

12 . The patternea surface cf claim v-erem sa.a 
conducting polyeer is polypyrrole. 

„ J The patterned surface of claim . . «•«•» saxd 
conductin, polymer is polyaniUne. _/ 
0 14 . The patterned surf a*, of claim *. w-erexn sa>d a,.nt 

U selected from the ,roup consists of ion niUin,. P-- 
etching, hypoehlofite salts, cerium ««, salts, aqueous Me. 

» c -alkYDr HC1, HNO,, HClO t , and H,SO v . 
OH' (where R is aixyj-i , 

* q wherein said agent 

15 . The patterned surface of Claim 9, where 

25 is a hypochlorite salt. 



J- ' ^- i6v The patterned surface --'aPmLi ' • • 

r - i V . . wt ^e,of, Claim 9 r wherein said; agent 

is tetramethylamiaon|ui hydroxide^ i; : % : > ' - 

conduc^ 

• (a> forming a Surface or ^.ducting P o lyiter 0 ^ i /' 
surface of a substrate;; 

• • sorf.ce of said conductlBg polyMr ^ a patterwiM 
f«hion, , to obtain .. tlr!it patterned Wf.ce • 

regions of Mocking Mterlal; 
••(«). treating said £lrot our(aoB ^ m ^ 

which, ,« riaoves sola conducting P o iyiMr tiam sald 
reg.oos of .xpos^ condustM ^ lyMr _ 

decreases th. conductivity of said conducting 
polyaer in said regions of . xpos . d concluctin9 
poller; or (U1) incraasas the conductivity of said 
conducting poiyaar in said regions of exposed 
conducting polymer; an* 

(d) • raaoving said MocWj, .atari.! to oatai» a second 

patterned surface contain, 1 ^ 

ce containing an exposed pattern of 
conducting polymer. 

18. The device of claim 1-7. . v 

Claim 17; wherein said substrate is 

T*~ fr °" T *~**>* °' siiica. 
«U=on. silicon nitride, aiunina, aluainu. „ itride , « 



titanium. nitride.' diamond, waxes, polyesters,. 

polyvinylacetate. polyolefins, polyethers, 
polyvinyl^ethylether.polyvinylbutylea.er.-polyae.des, 

polyacrylamide. polyimides, polycarbonates. polysuifones. 
polyenes, f luoropolymers, arctic hydrocarbon polymers. - 
acryiat. and acrylic acid polymers, phenolic pollers, 
polyvinylalcohol. polyenes, polypeptides, siloxane pollers, 
polyvinyichloride. polyvinylbentylchloride. polychlorostyrene.. 
polyvinylbutyral, copolymers thereof, and mixtures thereof. - 
19 The device of Claim 17, wherein said oonductin, 
: polyoer is selected from the group consisting of cis and trans 
polyacetylenes. polydiacetylenes, polyparaphenyienes, 
polypyrroles, polythiophenes^ polyhithiopbenss. 
polyisothiahaphthene, polyphenylenevinylenes. 
polythienylvinyiehes. polyphenylenesulf ide. and polyaniline. 
2 0. The device of Claim 17. wherein said oonductin, 

polymer is polypyrrole . 

,1. The device of claim 17. wherein said oonductxn, 

polymer is polyaniline. 

22 The device of claim 17, wherein said agent ls 
selectea fro. the group consisting of ion milling. Plasm, 
etching, hypochiorite salts, cerium (XV, salts, agueous ^ 
OH* (where R is C.-alXyl) . HC1. HHO„ HC10,. and H.SO.. 

23 . The device of claim X7, wherein said agent is a 
5 hypochlorite salt. 
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• 2 *Vv ^ e ; ^vice of ciaiii 7/ wherein 
:£ * . i ! - : . . : ' v.wnerein said 'agent is 

. tetraaethyiamnonium hydroxide 
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Substrate: PET, FEP. OR Glass 
b: Conducting Polymer 
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CONDUCTING POLYMER TWISTED NENIATIC CELLS: 

a: Polarizer / Analyzer 

b: substrate: PET. FEP, Glass 

c: Conducting Polymer: PPY, PAN! 

d: Alignment Layer: 

Non-rubbed Alignment Layer 
CONVENTIONAL TWISTED NEMAflC CELLS: 

a: Polarizer / Analyzer 

b: Substrate: Glass 

c- Conducting Coating: ITU 

d: Alignment Layer: Rubbed Polymlde 

SUBSTITUTE SHEET (RULE 26) 
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